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Objectives: Patello femoral Pain (PFP) is the most  common lower limb condit ion encountered in clinical pract ice.
It  recent ly emerged as the third highest  ranked topic out  of  185 in the Chartered Society of Physiotherapy
M usculoskeletal Research Priority Project . For a valid assessment  of knee st rength during rehabil itat ion, the
isometric test  using t he isokinet ic dynamometer  (Cybex) and t he hand-held dynamometer (HHD) is not  w ell
received wit h clinical pract ice. An alternat ive way is through funct ional hop t ests which clinicians have used
to assess their pat ients’ lower ext remity muscular st rength. This study invest igates the validity of  knee st rength
assessments conducted with the HHD and the hoptest  compared to the isokinet ic dynamometer and also explores
differences between genders of the three assessments.
Design: Each assessment  included one submaximal and t hree recorded maximal effort s of the dominant  leg.
Quadr iceps muscle st rength was displayed in normalized torques. Correlat ion coefficients and box-and-whisker
plots was used to analyze t he data.
Setting: M ovement  analysis laboratory
Participants: Sixteen males (age 23.5 ± 4.23 years, height  1.79 ± 0.08 m and body mass 76.21 ± 10.58 kg, BM I
23.82 ± 2.38 kg/ m²) and 16 females (age 25.38 ± 5.49 years, height  1.67 ± 0.08 m and body mass 71.99 ± 16.05
kg, BM I 25.83 ± 4.74 kg/ m²) between 18 and 40 years old without  any musculoskeletal injur ies part icipated.
M ain outcome measures: Knee moments normalized for bodyweight  (Nm/ kg) for dynamometers and distance
jumped for single legged hoptest .
Results: The st rongest  significant  correlat ion was found for the comparison between the HHD and Cybex (r=0.71,
r²=0.504, p=0.001). Correlat ion between the HHD and hoptest  (r=0.4, r²=0.19, p=0.013), and Cybex and hoptest
(r=0.53, r²=0.295, p=0.001) were poor. Comparing genders, the normalized knee extension moment  on the Cybex
was 28.8% lower and with t he HHD 22.3% lower for females.
Conclusions: Single legged hop test  appears not  to provide a suitable alternat ive for st rength measurement  in a
clinical set t ing. Differences in hop performances, especially the use of the arms, seem to be important . Gender
dif ferences exist  in knee st rength assessments. The use of EM G-Analysis in furt her research might  ident ify
dif ferences in muscle recruit ing during all three tests.
KEY WORDS: Patello Femoral Pain (PFP), Knee Strength, Assessments, Isokinet ic Dynamometer.
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INTRODUCTION received w it h  cl in ical  pract ice. Cl in icians
reported the HHD measurement  was “ lit t le bit
more fiddly, more difficult  to undertake”  (PT1)
and “ fairly difficult  to set  up”  (PT2). One of them
reported that  “ there is quite a high risk of user
error there”  (PT1), but  another physiotherapist
indicated that  the correct  use is just  a “ pract ice
issue”  (PT2). Also one of them said that  t hey
“ don ’ t  have access t o t hem in t he clin ical
pract ice”  (PT3).
It  has recent ly been reported that  an alternat ive
way to assess knee strength is through funct ional
hopping t est s. A huge var iet y of  hop t est
procedures have been described [6, 9, 10, 11,
12,13] including vert ical jump tests, t imed hop
and single leg hop tests for distance. Clinicians
have used single leg hop tests to assess their
pat ients’ lower ext remity muscular st rength and
abilit y t o perform t asks t hat  challenge knee
stability [14]. These test s are also commonly
used to evaluate progress in knee rehabilitat ion
programs [14] or as an object ive tool to evaluate
a pat ient ’s total leg funct ion [7].
The ability to perform a single-legged hop for
dist ance depends on quadr iceps st rengt h
because a consequence of st rength loss is a
reduced ability to both, generate and absorb
force during act ivity. However, this type of test
also reflects neuromuscular cont rol, power, joint
funct ion, and range of mot ion, as well as the
self-esteem and confidence of the part icipants
[15]. Furthermore funct ional hop tests simulate
the forces encountered during sport -specific
act ivity under cont rolled condit ions. [16] Clark
(101) descr ibes t hem as “ current ly t he best
measurement  tool for the clinical assessment
of  low er  l im b f unct ion in  t he absence o f
sophist icated laboratory based biomechanical
analyses”.  Halabchi et  al [17] state the single
leg hop t est  is an important  test  to evaluate
funct ional muscle performance in pat ients with
PFP.
Further studies as Pincivero et  al. [9], Petsching
et  al. [18], English et  al. [7] and Ericsson et  al.
[19] only assessed the single leg hop t est  for
dist ance compared t o an isokinet ic dynamo-
m eter. No previous st udy descr ibes t he
relat ionships between a single legged hop test ,
hand held dynamometer (HHD) and an isokinet ic
dynamometer t est . The aim of t his st udy is
Patellofemoral Pain (PFP), which is prevalent  in
younger and physically act ive individuals, is the
most common lower limb condit ion encountered
in clinical pract ice [1]. In PFP signif icant  pain
and dysfunct ion may lead t o l im it at ions in
societal part icipat ion and physical act ivity [2].
It  recent ly emerged as the third highest  ranked
topic out  of 185 in t he Chart ered Societ y of
Physiotherapy Musculoskeletal Research Priority
Project  [3]. Surgical management of PFP is rarely
indicated, therefore it  is a condit ion frequent ly
referred for physiotherapy.
Recent ly an Art hrit is Research UK funded a
feasibilit y study to explore subgroups within the
patellofemoral populat ion [2] . In t his st udy
gender dif ferences w ere found and ‘ ’knee
st rength’’ was an important  factor in defining
the subgroups. These data confirm previous
observat ions on the importance of gender in PFP
by Boling et  al [4] and may shed further light  on
the gender dif ferences ident if ied in running
mechanics [5].  Therefore being able to conduct
a valid and yet  clinically relevant  assessment
of lower limb muscle st rength is important  for
PFP.
The gold standard for assessing muscle st rength
in research is the isokinet ic dynamometer which
is often used to perform an isometric st rength
test  [6]. Isometric test ing is a valuable tool to
speci f ical ly  assess per f ormance o f  t he
quadriceps femoris muscles.  Because of a lack
of available equipment , this test  is often not
suitable for rout ine clinical pract ice [7]. Another
commonly used tool in clinical pract ice is the
manual muscle st rength measurement , such as
the modif ied Oxford scale. This approach is
subject ive and cannot  dif ferent iat e between
small st rength differences in the higher scales
and cannot  guarantee reliability [8].
M uscle st rength assessment  can be improved
by measuring the force of quadriceps femoris
w it h a hand-held dynamometer (HHD). This
inst rumented isometric st rength measurement
provides clinicians with an object ive assessment
of  t he current  pat ient  st at us dur ing
rehabilit at ion [8] .  However, feedback from
clinicians during the recent  ARUK funded study
indicat ed t h is measurement  w as not  w ell
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therefore to compare two clinical knee st rength
assessments with the reference standard.We
hypothesised t hat  hand held dynamomet er
(HHD) and an isokinet ic dynamometer test  are
well correlated.
M ETHODS
Participants: Sixteen males (age 23.5 ± 4.23
years, height  1.79 ± 0.08 m and body mass 76.21
± 10.58 kg, BM I 23.82 ± 2.38 kg/ m² ) and 16
females (age 25.38 ± 5.49 years, height  1.67 ±
0.08 m and body mass 71.99 ± 16.05 kg, BM I
25.83 ± 4.74 kg/ m²) volunteered to take part .
All part icipants fulfilled the inclusion criteria; age
between 18 and 40 years old, no current  neuro-
musculoskeletal injuries or disorders, no history
of surgery to the lower ext remit ies. Part icipants
included Universi t y st af f, st udent s and
volunteers f rom  out side t he Universit y. All
part icipants provided writ ten informed consent
and ethical approval was obtained from the
University of Cent ral Lancashire (PsST/2014/007,
Dr Hazel Roddam) in accordance w it h  t he
principles documented in t he Declarat ion of
Helsinki. Part icipants were allowed to withdraw
at  any given t ime without  providing a reason.
Data Collection: All part icipants were asked to
at tend one test ing session. Each session lasted
approximately 30 minutes and consist ed of 3
tasks which were conducted in a randomised
order.
The st udy em ployed a t est -ret est  design
consist ing of t hree dif ferent  assessments: 1)
isometric test  with Cybex NORM  dynamometer,
2) isometric t est  w it h a Lafayet t e hand held
dynamomet er  (M odel 01163) and 3) single
legged hop test . M ore informat ion is provided
below. Each t est  w as conducted w it h t he
dominant  leg. Leg dominance was determined
by asking the part icipants which leg they would
use to kick a soccer ball [20]. Part icipant ’s age,
height , w eight  [6,18,28,29] , dist ance f rom
lateral epicondyle of the knee to cent re of both
force pads of the dynamometer were measured
and recorded in order t o calculate t he knee
extension moment  [9,25]. Before the assessme-
nt s every part icipant  completed a warm up
consist ing of five squats with two repet it ions.
Wit h t he Cybex NORM  dynamomet er  one
subm axim al isom et r ic cont ract ion and
3 maximum isometric knee cont ract ions at  90°
knee f lexion (as per  protocol Cybex NORM
handbook) were completed. For data collect ion
part icipants were asked to perform a resisted
exercise seated on an isokinet ic machine chair
with the tested lower leg st rapped to the chair
and hands on the chair handles. The hand held
dynamometry test  included one sub-maximal
isometric cont ract ion and 3 maximum isometric
knee extension tests at  90° knee flexion [2]. For
data collect ion par t icipant s w ere asked t o
perform a resisted exercise seated on a bench
with the tested lower leg st rapped to the chair.
In the hoptest  assessment  part icipants were
asked to perform one pract ice single legged hop
test  followed by 3 maximum single legged hop
tests. From this task part icipants were asked to
stand on one leg, with their hands behind their
back and their toe posit ioned on a piece of tape.
They were then asked to execute one warm-up
by hopping horizontally and landing on t he
support ing leg. Three maximal efforts were then
recorded, with the part icipant  hopping as far as
possible. Failure to land on the support ing leg
resu l t ed in addi t ional  hop [20] . In  al l
assessments each repet it ion was followed by a
rest  period of 20 seconds and the part icipants
were given 1 minute of rest  between each t rial
to prevent  fat igue.
Data Analysis: All stat ist ical analysis carried out
in Stat ist ical Package for the Social Sciences
(SPSS, IBM  Version 22, USA). Descr ip t ive
stat ist ics for quadriceps muscle st rength were
displayed in normalised torques by dividing them
by bodyweight (Nm/ kg) [7]. Pearson’s correlat ion
coefficients (r²<0.5: poor, r²>0.5: good ) and box-
and-whisker plots were also used to analyse the
data. Three by two mixed ANOVA was used to
ident ify significant  difference.
RESULTS
We recorded the data of 35 part icipants: Threeof
them were excluded from analysis; one person
refused to give their bodyweight , one person
was a professional sprinter and one person had
previous experience- with HHD tests.
orrelat ion between tasks: The major it y of
part icipants (30 of 32) showed a higher knee
extension moment  on the Cybex than with the
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HHD (Table1). All means show a relat ively high standard deviat ion which is also displayed by the
Box-and Whisker (Fig. 1).
Fig. 1: Box-and Whisker.
Significant  correlat ions were found for all three comparisons (p<0.05) (Table 2). The relat ionship
between Hop and HHD showed a poor correlat ion (r=0.436, r²=0.19, p=0.013), also for Hop and
Cybex (r=0.544, r²=0.295, p=0.001). HHD and Cybex displayed a st ronger correlat ion of r=0.71(r²=
0.504, p=0.001). This is supported by the Box-and-Whisker plots (Figure1), which shows the mean
values for all part icipants.
Gender differences:  Comparing genders, the normalised knee extension moment  scored with the
HHD was 22.3% lower in females than in males (Table 1). The corresponding Cybex value was also
28.8% lower for females.
The correlat ion between the hop test  and the HHD (Table 2) was higher value in females (r=0.427,
r²=0.182, p=0.099) than in males(r=285, r²=0.081, p=0.285). The comparison between the Hop and
the Cybex showed a higher correlat ion in females (r=0.363, r²=0.405, p=0.008). However, the
correlat ion between HHD and Cybex is lower in females (r=0.515, r²=0.266, p=0.041) than in males
(r=0.702, r²=0.49, p=0.0029).
Table 1: M ean difference for task and gender. P-values of less than 0.05 indicate a significant  difference between
genders.
Table 2: Correlat ion between tasks for different  genders.
r r² p r r² p r r² p
Hop -HHD 0.436 0.19 0.013 0.427 0.182 0.099 0.285 0.081 0.285
Hop -Cybex 0.544 0.295 0.001 0.363 0.405 0.008 0.294 0.086 0.269
HHD - Cybex 0.71 0.504 0.001 0.515 0.266 0.041 0.702 0.49 0.002
all females males
all females males
mean (sd) mean (sd) mean (sd) p
Hop  (m) 1.19 (0.27) 1.08 (0.24) 1.30 (0.26) 0.019
HHD (Nm/ kg) 1.58 (0.57) 1.37 (0.40) 1.80 (0.64) 0.032
Cybex (Nm/ kg) 2.21 (0.65) 1.85 (0.40) 2.56(0.65) 0.001
DISCUSSION
This study invest igated the relat ionships between two different  isometric tests and a single legged
hop test . The correlat ion between the HHD and Cybex was good, indicat ing the HHD can be used
in clinical pract ice. The correlat ion between the Cybex and hoptest  and the HHD and hoptest  was
poor. This study also added to the exist ing evidence that  gender difference exist  when assessing
knee strength.
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The single legged hop measuring the distance
from heel to toe was used and with hands behind
the back. By inst ruct ing part icipants to hold their
hands clasped behind the back we excluded the
influence of the arms. The aim to achieve the
h ighest  concent r ic per f ormance o f  t he
quadriceps femoris muscle, as we felt  this would
be more highly correlated with the isometric
tests. However, the single legged hop test  did
not  show a st rong correlat ion with the isometric
t est s w hich is cont rary t o  our  previous
hypothesis. Therefore this test  appears not  to
provide a suit able alt ernat ive for  st rengt h
measurement  in a clinical set t ing. Wilk et  al.
[6] (r=0.62r²=0.38) and English et  al. [7] (r=0.63
r²=0.4) showed a bet ter correlat ion between the
isokinet ic test  and a single leg hop test  with the
use of the arms. In cont rast , assessments with
sub ject s w i t h  ant er ior  cruciat e l igam ent
def iciency (Fi t zgerald  et  al.  [ 14] , r= 0.06
r²=0.0036) and healt hy subject s w ho w ere
allowed t o use t heir arms (Clark [16], r=0.37
r²=0.137) have been show n t o have low er
correlat ions. The upper limbs as a sw inging
element , could therefore be one of the st rongest
inf luencing f act ors is t he knee st rengt h
assessments. Interest ingly, in a literature review
7 of 18 studies (39%) [6, 15, 19, 21, 22, 23, 24]
relat ing to the hop test  do not  describe the use
of  t he arms. Addi t ional ly, t he m et hod o f
measur ing t he dist ance of  t he hop dif fered
considerably. Therefore dif ferences in hop
per f orm ances seem  t o  be impor t ant  and
compar isons bet w een eit her  isom et r ic or
isokinet ic tests are also important .
In this study the held dynamometer (HHD) and
the isokinet ic dynamometer (Cybex) showed the
highest  correlat ion (r=0.71, r²= 0.504). These
findings agree with M art in et  al. [25] and Arnold
et  al. [26] who concluded, that  the use of HHD
devices for physiotherapist  to assess isometric
st rength tests in a clinical environment  is a valid
and cheaper alternat ive to isokinet ic units such
as the Cybex in older people. However, it  should
be noted that two part icipants reported shin pain
during the test  where the pat ient  interface of
the HHD was placed and the majority of the rest
of the part icipants described this procedure as
uncomfortable. This was caused by the small
surface area and the high amount  of force which
resulted in high pressure. In our opinion the
design of  t he pat ient  int er face, should be
review ed and possibly modif ied in order t o
reduce or  avo id  d iscomfor t .  Any such
modif icat ions would need t o be undertaken
careful ly  in  order  t o  not  af f ect  st rengt h
measurements.  This factor may account  for the
lower measurements recorded with the HHD as
t here may have been some pain inhibit ion
prevent ing st ronger contract ions.
Our second aim w as t o explore dif ferences
bet w een genders. In  previous st ud ies
Gustavsson et  al [11] and Bremander et  al. [12]
described significant  differences between male
and female subject s in t he single leg hop for
distance, which is supported by our results. A
gender difference has also been ident ified by
Russel et  al. [27] w ho show ed t hat  women
performing a horizontal jump, displayed greater
valgus knee angles landing with one leg. These
di f f erences in  per form ance and landing
b iom echanics m ight  have in f luenced t he
maximal dist ance. In addit ion t o t he single-
legged hop, t est s w i t h  t he HHD and t he
isokinet ic machine have also shown gender
dif ferences. When par t icipant s performed a
m axim al isokinet ic and isom et r ic m uscle
cont ract ion on isokinet ic dynamometer (Biodex
System 3 PRO), Harbo et  al [28] concluded a
variat ion of st rength in males. The standard
deviat ion of the residuals of maximal isokinet ic
knee extension st rength was 50% lower for
women than for men, without  considering the
body weight  of the part icipants. Using an HHD
instead of  an isokinet ic dynanometer, t he
maximal isometric moment  showed a standard
error measurement  40% higherin boys than in
girls [29] which supports the previous finding.
The main difference between the HHD and the
Cybex test  is potent ially the back support  and
the seat  angle on the Cybex which might  create
a feeling of  st abil izat ion. The use of  EM G-
Analysis in fur t her  research m ight  ident ify
differences in muscle recruit ing during all three
tests. With this informat ion the tests could be
standardized, but  would be less applicat ion-
oriented. Future studies could invest igate the
relat ionship between isokinet ic knee st rength
and the hop test . M ore informat ion is needed to
ident ify why females show a higher in reliability
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than men comparing the hop, the HHD and the
test  with the Cybex.
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